species and crop type, respectively; E is the emissions, metric ton (t); M is the mass of 129 CRBF, Gg; EF is the emission factor, g/kg; P is the crop production, Gg; R is the ratio 130 of grain to straw (dry matter); F is the percentage of CRBF; and CE is the combustion 131 efficiency.
132
As summarized in Table S1 in the supplement, emission factors were obtained Table S4 in the supplement.
163
The mass of CRBF was calculated with the following equation:
where M represents the mass of CRBF, kg; CR represents the combustion conversion (Table S5) .
199
To further understand the sources of discrepancies between bottom-up and the discrepancies between observation and simulation was small enough (the value of 220 I in equation (9) is less than 0.1% in this study). To limit the potential uncertainty in 221 emissions from other sources, the differences between simulated and observed PM 222 concentrations for non-OBB event period were included in the analysis:
224 where x and i stand for the time (time interval of simulation is hour) and city, grid in region u on n-th day in year y were calculated using equation (11):
where FRP (m,n) is the FRP of m-th grid on n-th day; FRP (u,y) and E (u,y) ,j are the total Population density was applied to relocate MEIC to each modeling domain. Biogenic Table S8 328 and S9 in the supplement. The hourly NMB of PM 2.5 and PM 10 were -29.9% and
329
-39.8%, and the hourly NME of PM 2.5 and PM 10 were 49.8% and 54.7%. The model was recalculated at 1.54, further closer to the ratio of constrained mass of CRBF.
367
Therefore the ratios of FRE for another given year to 2012 and 2010 were calculated 368 with this improved method, and were then applied to emission scaling for that year.
369
The constrained OBB emissions from 2005 to 2015 were summarized in those from FRP-based method for these years, as shown in Figure S7 . Agricultural practice could be associated with income level and mechanization level.
416
Increased income, would lead to more crop residues discarded and burned in the field, 
430
The constrained percentages of CRBF and straw yields for 2012 were shown by 431 city in Figure S9 in 
479
The NMB and NME between observed and simulated PM 2.5 and PM 10 480 concentrations are shown in Table 2 . In most cases, the NMB and NME with 481 constrained OBB emissions were smaller than those with other OBB emissions, 
492
In YRD region, on one hand, the fire temperature of crop residue burned in fields was 
Comparisons of different methods and studies

515
We selected CO to compare emissions in this work and other inventories for were associated with the change in annual straw production.
530
The constrained CO emissions in this work were lower than other studies using closest to GFED v4.1s that included small fires. Since the area of farmland belonging 537 to individual farmers was usually small, small fires were expected to be important the parameter with the bottom-up approach.
551
The spatial distribution of constrained emissions in this work and those in Table 3 . Similar to CO, the constrained emissions for all species in this work were shown by city in Figure 9 . 
623
To explore the influence of meteorology on air pollution caused by OBB, we for June 8-14, 2012). Poorer meteorology conditions during PE1 were found than PE2.
627
The average wind speed in PE1 was 2.4 m/s, 17% lower than that in PE2. The average 628 wind direction in PE1 was 168.3°, close to south with polluted air in land. In contrast,
629
the average wind direction in PE2 was 118.3°, close to east with clean air from the 630 ocean. The average precipitation in PE2 was 6.8mm, 28% higher than that in PE1. As 631 shown in Figure 10 , the average contribution of OBB to PM 10 concentrations for 22 632 cities in YRD region was estimated at 56.7 μg/m 3 for PE1, 23% larger than that for 633 PE2, and the contributions in most cities were much larger for PE1 than those for PE2, in YRD, more attention should be paid to the OBB restriction at night. 
Uncertainty analysis
657
The uncertainties of OBB emissions estimated with bottom-up and FRP-based 2013) and its uncertainty was expected to be limited and not included in the analysis.
667
As the percentage of CRBF was determined at half of the percentage of unused crop 668 residues, its uncertainty was set at -100% to +100%. The combustion efficiencies indicated by probability distribution function (PDF). As shown in Table 4 , the 681 uncertainties of OBB emissions with traditional bottom-up method for PM 10 , PM 2.5 ,
682
EC, OC, CH 4 , NMVOCs, CO, CO 2 , NO X , SO 2 and NH 3 in 2012 were estimated at
683
-56% to +70%, -56% to +70%, -50% to +54%, -54% to +73%, -49% to +58%, -48%
684
to +59%, -46% to +73%, -48% to +60%, -47% to +87%, -59% to +138% and -51% to 
